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1.0 Introduction 

The Lower Duwamish Waterway (LDW) is located south of Elliott Bay in Seattle, Washington 
(Figure 1). The LDW Site consists of 5.5 miles of the Duwamish Waterway as measured from 
the southern tip of Harbor Island to just south of the Norfolk Combined Sewer Overflow (CSO). 
As part of the cleanup of contaminated sediment at the Site, the Washington State Department of 
Ecology (Ecology) is leading efforts to control sources of pollution, including polychlorinated 
biphenyls (PCBs) and metals, into the LDW. Source control is the process of finding and 
stopping or reducing releases of pollution to the waterway. The goal of source control is to 
minimize contamination or recontamination of sediments by controlling the sources of pollutants 
to the maximum extent practicable.  

1.1 Purpose and Objectives 

Many sources of PCBs to LDW sediments have been identified (e.g., Boeing Plant 2, North 
Boeing Field, Georgetown Steam Plant, and Terminal 117). Ecology or the U.S. Environmental 
Protection Agency (EPA) will address these and other sites under Administrative Orders. Other 
sources of PCBs are not readily apparent.  

According to the Draft Final Feasibility Study for the LDW (AECOM 2010), PCBs have been 
detected in 84 percent of storm drain solids samples collected in the LDW basin. Concentrations 
have exceeded the sediment lowest apparent effects threshold (LAET) value of 0.13 mg/kg dry 
weight (DW) in 67 percent of the samples and have exceeded the second lowest apparent effects 
threshold (2LAET) value of 1.0 mg/kg DW in 41 percent of the samples. 

In many areas of the LDW, source tracing efforts and business inspections have not identified a 
specific source of PCBs. However, PCBs have been detected at high concentrations in paints and 
other building materials at some locations within the LDW drainage area. For example, paint 
samples at the former Rainier Brewery property contained up to 26,000 mg/kg total PCBs 
(Kissinger et al. 2010). Testing conducted at North Boeing Field (NBF) in 2010 found PCBs in 
34 of 77 paint samples, with 15 samples containing over 10 mg/kg total PCBs. Of 13 building 
caulk samples collected during the 2010 NBF study, two contained total PCBs at concentrations 
over 10 mg/kg (Landau 2010a). Up to 2,300 mg/kg total PCBs were detected on the yellow-
painted bollards at the facility (Landau 2010b).  

Studies in other cities found that significant quantities of PCBs in building materials had 
migrated to surface water, sediments, and/or surrounding soils (e.g., Andersson et al. 2004 and 
Jartun et al. 2009, studies conducted in Bergen, Norway; Priha et al. 2005, study conducted in 
Finland; and Herrick et al. 2007, study conducted in the Greater Boston area).  

The contribution of PCBs from building materials (primarily paints and caulks) to LDW 
sediments is not fully understood. Science Applications International Corporation (SAIC) was 
tasked to conduct a survey of PCBs in building paint and caulking materials in the LDW basin.  

The primary objectives of this survey were to: 
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• Collect composite paint and building caulk samples to assess the prevalence of PCB-
containing building materials in the LDW drainage basin (using data from a representative 
drainage basin), and 

• If possible, evaluate the contribution of these PCB sources to LDW sediments.  

As a secondary objective, this survey examined the potential contribution of selected metals 
(arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc) from building paints to 
LDW sediments.  

1.2 Site Description 

Based on King County Geographic Information System (GIS) shapefiles, the LDW separated 
storm drainage area was estimated to encompass approximately 9,000 acres and 27,003 
buildings. According to data from the King County Recorder’s Office, 7,594 of these buildings 
were constructed between 1950 and 1977. Upon consultation with Ecology, SAIC selected the 
Diagonal Avenue S stormwater drainage basin as representative of the entire LDW drainage 
basin. The Diagonal Avenue S storm drain basin (Figure 2) covers 2,620 acres, an area of 
approximately 4 miles by 1.5 miles, and contains a variety of industrial, commercial, and 
residential buildings. According to the County Recorder’s Office data, a total of 2,286 buildings 
in the Diagonal Avenue S basin were constructed between 1950 and 1977; these are shown in 
Figure 3. 

Initial building development in this area occurred in the 1880s, and this was a mixed-use area at 
that time. Land uses and industries located in the Diagonal Avenue S storm drain basin have 
included, among others: specialized metal products manufacturing, chemical distributors, 
warehouse and office space, metals electroplating, dry cleaners, heating oil sellers, auto repair 
shops, a landfill (now closed), a recycling transfer station, a steel foundry, and specialty plastics 
manufacturing. 

The northern and southeastern portions of the drainage area are primarily residential, while the 
southwestern portion is primarily industrial. In addition, there are residential/commercial mixed 
use areas concentrated along major roads such as Rainier Avenue S, S Jackson Street, and 
Beacon Avenue S. The current zoning breakdown for the 2,620-acre drainage area is: 

• Single Family – 37.75% 
• Manufacturing/Industrial – 28.59% 
• Multi-Family – 21.30% 
• Neighborhood/Commercial – 10.82% 
• Major Institutions – 0.90% 
• Downtown – 0.65% 

During April 2011, paint and caulk samples were collected from buildings in this area that were 
constructed between 1950 and 1977. The sampling focused primarily on industrial buildings 
because these types of structures were more likely to use expensive industrial-grade PCB 
additives in their paint and caulk. Samples from both commercial and residential buildings were 
collected to provide a more complete evaluation of the drainage area. 
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1.3 Document Organization 

This Summary Report describes the activities conducted to collect building paint and caulk 
samples in the Diagonal Avenue S storm drain basin and includes the chemical analysis results 
for the collected samples. PCB and metals concentrations in building materials are compared to 
available data on PCB and metals concentrations in storm drain solids in the Diagonal Avenue S 
basin. In addition, the report includes an estimate of the mass of PCBs and metals in building 
materials within the Diagonal Avenue S drainage basin. 

Section 2.0 of this document provides background information on the sources of PCBs and 
metals and their use in building materials, including information on the historical uses of PCBs 
in building materials after the 1979 ban on manufacturing, production, and use of PCBs. Section 
3.0 describes how the samples were collected, as well as any deviations from the Sampling and 
Analysis Plan/Quality Assurance Project Plan (SAP/QAPP) (SAIC 2011). The analytical results 
are presented in Section 4.0.  

Comparisons between the paint and building caulk data collected during this investigation to 
nearby storm drain solids data are presented in Section 5.0. Section 6.0 discusses the potential 
contribution of contaminants in building materials to LDW sediments. A summary and 
recommendations are provided in Section 7.0, and references are listed in Section 8.0. The 
appendices include visual survey results, sampling maps, field sampling forms, laboratory data 
reports, and the data validation report.  
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2.0 PCBs and Metals in Building Materials 

The primary focus of this survey was on PCBs, with a secondary focus on metals that are 
addressed in Washington State’s Sediment Management Standards: arsenic, cadmium, 
chromium, copper, lead, mercury, silver, and zinc. 

2.1 Sources of PCBs 

PCBs are a group of synthetic chemicals created by adding chlorine to biphenyl. PCBs were 
manufactured and sold as complex mixtures of various congeners, primarily from 1929 to the 
late 1970s. PCBs were used in hundreds of industrial and commercial applications because they 
do not burn easily, have a high heat capacity, do not explode, are chemically stable, have high 
boiling points, and have electrical insulating properties (EPA 1980; Fiedler 1997).  

Manufacture of PCBs was banned in the United States in July 1979 (ATSDR 2000). Products, 
equipment, and materials manufactured before this date that may contain PCBs include (EIP 
Associates 1997; National Research Council 2001; Coghlan et al. 2002; EPA 2010a; Fiedler 
1997; EPA 2009a): 

• Oil-based paint (including exterior paint), 

• Caulking and other sealants, 

• Transformers and capacitors, 

• Electrical equipment parts including voltage regulators, switches, reclosers, bushings, 
oil-filled electrical cable, and electromagnets, 

• Automobiles and reusable automobile parts, 

• Heat transfer equipment, 

• Polyvinyl chloride (PVC) plastic, 

• Recycled oil, 

• Hydraulic equipment, 

• Insulation (wool felt, foam rubber, and fiberglass), 

• Water-proofing materials, 

• Preserved wood, 

• Asphalt roofing materials, 

• Coatings for water pipes and storage tanks, and 

• Sound-dampening materials. 
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2.2 Sources of Metals 

Heavy metals have historically been, and are currently, used in the manufacture of various goods 
and materials. Selected metals, such as arsenic, cadmium, chromium, copper, lead, mercury, 
silver, and zinc, were analyzed in the paint samples collected during this survey. Exterior 
building paints are not likely to be the primary source of these metals in sediments, but may 
contribute to the overall sediment load. Typical anthropogenic sources of these metals are 
described below. 

Arsenic 

Currently, about 90 percent of arsenic produced is used as a wood preservative to make it 
resistant to rotting and decay (ATSDR 2007a). The preservative is copper chromated arsenate 
(CCA) and the treated wood is referred to as “pressure-treated.” In the past, inorganic arsenic 
compounds were predominantly used as pesticides, but inorganic arsenic compounds can no 
longer be used in agriculture. Small quantities of elemental arsenic are added to other metals to 
form metal mixtures or alloys with improved properties. The greatest use of arsenic in alloys is 
in lead-acid batteries for automobiles. 

Cadmium 

The major use of cadmium is in batteries, followed by pigments, coatings and plating, stabilizers 
for plastics, nonferrous alloys, and specialized uses such as photovoltaic devices (USGS 2008; 
USGS 2010b). Cadmium pigments are durable and withstand exposure to light, high 
temperatures, and harsh weathering conditions. Over 85 percent of the cadmium pigments 
produced is used to color plastics due to their ability to withstand high temperatures. Cadmium 
pigments are also used to color glass and ceramics. Glass traffic light lenses and hazard lights are 
colored with cadmium pigments (USGS 2008). 

Chromium 

Chromium is used in many applications including metal processing, tannery facilities, chromate 
production, stainless steel welding, and ferrochrome and chrome pigment production. Chromium 
is a component of zinc chromate paint primers (ATSDR 2008). Chromium is also a component 
of the wood preservative CCA. 

Copper 

Copper is widely used due to its durability, ductility, malleability, and electrical and thermal 
conductivity. The top industrial and commercial users of copper are in the construction industry, 
electrical and electrical products, transportation equipment, and industrial machinery and 
equipment. Some common uses of copper and copper alloys include plumbing, building wire, 
power utilities, air conditioning, business electronics, and valves and fittings (ATSDR 2004). 
Elemental copper is also a component of the wood preservative CCA.  
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Lead 

Lead and its compounds are used in a wide variety of applications including batteries, caulk, 
plastic stabilizers, glass and ceramic products, pigments, electrical machinery and equipment, 
and vehicles and equipment (ATSDR 2007b). Lead was used in paint as a pigment and to extend 
the life of the paint until this use was banned for consumer products in 1978. Paint containing 
lead may continue to be used in industrial settings (CPSC 2001). 

Mercury 

Mercury is used in many electrical applications including batteries, wiring devices and switches, 
measuring and control instruments (e.g., thermostats), and lighting. Phenylmercuric acetate is 
used in inks, adhesives, and caulking compounds. The use of phenylmercuric acetate in interior 
paints was banned in 1990 (ATSDR 1999). Use of phenylmercuric acetate in exterior paints and 
fungicides was banned by 1991. Mercury is no longer used in paint in the United States (USGS 
2010a). 

Silver 

In the past, silver was used for surgical prostheses and/or splints, fungicides (now obsolete), and 
coinage (discontinued from general circulation within the United States in 1970) (ATSDR 1990). 
Current uses include photographic materials; electrical and electronic products, such as electrical 
contacts, silver paints, and batteries; brazing alloys and solders; electroplated ware, sterling ware, 
jewelry, and mirrors; and as a component of ceramic potable water purification filters. 

Zinc 

Zinc is used in many applications, including protective coatings, dye-casting, electrical goods, 
and paint (ATSDR 2005). Major anthropogenic sources of zinc to the environment include 
electroplaters, domestic and industrial sewage, combustion of fossil fuels and solid wastes, road 
surface runoff, and corrosion of zinc alloys and galvanized surfaces (Eisler 2000). 

The following sections describe historical and ongoing uses of PCBs and metals in building 
materials and summarize selected studies that examine the presence of PCBs in building 
materials as well as the contributions of PCB-containing paint/caulk to contamination of 
sediment and soils. 

2.3 Uses of PCBs and Metals in Building Materials 

Based on manufacturing data and other studies, PCB-containing paint and caulk were used in 
buildings constructed between 1950 and 1977. These materials were used primarily in industrial 
buildings rather than residential buildings, due to the high cost of PCB additives. These materials 
may contribute to the PCBs found in LDW storm drain solids. 

2.3.1 Paint 

PCBs, arsenic, cadmium, chromium, copper, lead, mercury, and zinc have historically been 
added to exterior paints and may be present in the exterior paints used on buildings in the LDW 
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drainage basin. Silver was occasionally added to exterior paints as a fungicide. PCBs and lead 
were historically used to extend the life of the paint by increasing its durability. The use of lead-
based paint was banned in 1977 for consumer products; however, it may continue to be used in 
industrial applications. Mercury was used as an anti-fungal agent and as pigment in exterior 
paints until this use was banned in 1991 (ATSDR 1999). Copper is currently used as an anti-
fouling agent. Metals are typically used as pigments for paints. Exterior paint colors that may be 
found on buildings in the LDW drainage basin are listed below, with the contaminant that may 
be present in the paint. 

Older paint can contain mercury, and may be a persistent source of PCBs and mercury even 
though the paint may be encapsulated by newer paint. As the paint chips, flakes, and peels, layers 
of older paint may be contained in the chips or become exposed to further weathering. Newer 
paint that is chipped, flaking, or peeling may be a source of contamination if metals were used in 
the paint formulation. Chips of paint may easily scour off from surfaces during heavy rainfall 
and wind, and subsequently, impervious surfaces will facilitate a particle-bound dispersion 
through the urban environment via the storm drain system. Therefore, PCBs and metals in 
peeling paint have the potential to enter the LDW storm drain system. 

 Paint Color 

Metal Black Blue Green Orange Purple Red White Yellow 

Primer/ 
Coating/ 

Preservative 

Arsenic         z 

Cadmium   z z  z  z  

Chromium   z     z z 

Copper  z z  z     

Lead z     z z z  

Mercury      z    

Silver         z 

Zinc   z    z  z 

2.3.2 Building Caulk 

Caulk is a flexible material used to seal gaps to make windows, door frames, masonry, and joints 
in buildings and other structures watertight or airtight. At one time, caulk was manufactured 
using PCBs because PCBs imparted flexibility, water and chemical resistance, and durability. 
Caulk containing PCBs was used in some buildings in the 1950s through 1978. This caulk may 
be found on door frames, window frames, window glazing, expansion joints, and around vents 
and other openings in buildings (EPA 2010a).  

2.4 Sampling of PCB-Contaminated Building Materials 

Sampling of PCB-contaminated building materials, including paint and caulk, has been 
conducted in the LDW basin and elsewhere. Selected studies are summarized briefly below.  
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2.4.1 Seattle-Area Studies 

Former Rainier Brewery 

The former Rainier Brewery (now Rainier Commons LLC), was originally constructed in 1884 
on approximately 4.6 acres with 26 buildings (WDOH 2010). In October 2005, Seattle Public 
Utilities (SPU) found PCBs at 17.5 to 2,200 mg/kg DW in solids from the stormwater collection 
system around the old brewery. In May 2006, exterior paint sampled from one of the buildings 
was found to contain 2,300 mg/kg DW PCBs (Aroclor 1254). SPU resampled the stormwater 
collection system in January 2008 and found lower PCB concentrations. In February of that year, 
SPU removed contaminated sediments from the stormwater collection system.  

In March 2009, an EPA Region 10 inspection team collected exterior paint chips from flaking 
paint on the old brewery building and from the gravel strip adjacent to the catch basin. Maximum 
PCB concentrations detected in the 2009 samples were 795 mg/kg in exterior wall paint chips, 
10,491 mg/kg in paint chips taken from the ground, and 101 mg/kg DW in the storm drain 
sediment trap sample. In September of 2009, sampling conducted by EPA indicated widespread 
PCB contamination of exterior paints collected from multiple buildings, from paint chips on the 
ground, and in storm drain solids (Kissinger et al. 2010): 

• 700 and 1,500 ppm1 PCBs in exterior paint from Building 13 

• 105 ppm PCBs in solids from the storm drain system located between Buildings 3 and 13 

• 390 ppm PCBs in exterior paint from Building 12 

• 10,200 ppm PCBs in exterior paint from Building 9-LR 

• 12,400 ppm PCBs in exterior paint from Building 8 

• 690 ppm PCBs in exterior paint from Building 5A 

• 18,000 ppm PCBs in exterior paint from Building 6 

• 5,500 and 26,000 ppm PCBs in paint chips gathered from unidentified ground surfaces 

• 10,000 ppm PCBs in paint chips from a ground surface between Building 13 and a 
parking lot 

Limited analytical data also show that PCBs are present within the buildings. At least one 
interior paint sample was found with PCBs at 3,600 mg/kg, and a dust sample from a tenant’s 
vacuum cleaner contained over 3 mg/kg PCBs (Kissinger et al. 2010). 

King County Youth Services Center 

In spring 2010, a hazardous building materials survey was conducted prior to the proposed 
demolition of the Alder Wing and Alder Tower buildings of the King County Youth Services 
Center (Med-Tox and Herrera 2010). The Alder Wing was constructed in 1951 and the Alder 
Tower in 1971. The survey included sampling for PCBs in caulk, paints, and sealants on the 

                                                 
1 Units are shown as presented in the referenced report; in general, mg/kg is equivalent to ppm. 
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interior and exterior of the two buildings. Total PCB concentrations ranged from non-detect to 
39 mg/kg in paint, between non-detect and 150,000 mg/kg in two exterior window caulk 
samples, and from non-detect to 16 mg/kg in other miscellaneous samples (penetration caulk, 
caulk on drivet panel, caulk on white membrane, vent hatch sealant, concrete panel caulk). The 
window caulk sample with 150,000 mg/kg PCB was taken from the building that had been built 
in 1971. 

North Boeing Field 

A recent survey of PCBs and metals in paint chips sampled from various painted surfaces at the 
NBF facility yielded the following maximum concentrations (Landau 2010a): 

• PCBs: up to 2,300 mg/kg (detected in 34 of 77 samples analyzed; seven of these were greater 
than 50 mg/kg DW) 

• Arsenic: up to 140 mg/kg (detected in 9 of 65 samples analyzed) 

• Cadmium: up to 439 mg/kg (detected in 59 of 65 samples analyzed) 

• Chromium: up to 35,600 mg/kg (detected in 65 of 65 samples analyzed) 

• Copper: up to 2,950 mg/kg (detected in 65 of 65 samples analyzed) 

• Lead: up to 58,600 mg/kg (detected in 59 of 65 samples analyzed) 

• Mercury: up to 130 mg/kg (detected in 59 of 65 samples analyzed) 

• Silver: up to 12 mg/kg (detected in 16 of 65 samples analyzed) 

• Zinc: up to 123,000 mg/kg (detected in 65 of 65 samples analyzed) 

In the 2010 NBF study (Landau 2010a), 13 caulk samples from windows and door frames were 
analyzed for PCBs and metals. Only 2 samples tested positive for PCBs: one contained 11.6 
mg/kg total PCBs (as Aroclors 1248, 1254, and 1260), and the other contained 14,000 mg/kg 
total PCBs (as Aroclor 1248). 

2.4.2 Studies Outside of the Seattle Area 

NEA (2007) reports results from sampling of window caulk in various East Coast school 
districts; PCB levels as high as 111,000 mg/kg (as Aroclor 1254) were detected in a sample from 
Public School 178 in the Bronx, New York. 

Herrick et al. (2004) sampled caulking in a set of buildings in the Greater Boston Area 
including schools, churches, museums, elderly and subsidized housing, hospitals, a hotel, a 
museum, a police station, and office buildings. Of the 24 buildings, 13 were found to contain 
caulk with detectable concentrations of PCBs. Of these 13 buildings, eight contained caulk with 
PCB concentrations greater than or equal to 50 parts per million (ppm). Detected concentrations 
ranged from less than 1 to 35,600 ppm (by mass). PCBs were not detected in the elderly or 
subsidized housing, the hospitals, the hotel, or the police station.  
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Herrick et al. (2007) conducted a study in the greater Boston area to measure PCB levels in soil 
surrounding buildings where PCB-containing caulk was still in place, and to evaluate the 
mobility of the PCBs from caulk using the Toxicity Characteristic Leaching Procedure (EPA 
Method 1311). The authors found soil PCB contamination ranging from 3.3 to 34 mg/kg around 
buildings with undisturbed caulk that contained 10,000 to 36,200 mg/kg PCBs. The results of the 
Toxicity Characteristic Leaching Procedure (leachate concentrations of 76 to 288 mg/L of PCBs) 
suggest that PCBs in caulk can be mobilized, apparently as complexes with dissolved organic 
matter that also leach from the caulking material.  

Coghlan et al. (2002) conducted a survey of PCBs in building materials in a university office 
building after PCBs were accidentally discovered during pesticide sampling of dust samples 
from the building. A total of 9 caulk samples were collected, with PCB concentrations ranging 
from non-detect to 33,000 ppm (Aroclor 1254). In addition to caulk, PCBs were also detected in 
gasket materials (1.1 to 4,300 ppm), insulation material (non-detect to 310 ppm [Aroclor 1221]), 
tile materials (0.2 ppm), unit ventilator components (3.7 to 63 ppm), vinyl material (0.8 to 14 
ppm), and mastic material (non-detect to 3.9 ppm). 

Zennegg et al. (2004) conducted a national survey in Switzerland that focused on concrete 
(masonry) buildings. The study found that almost half of all such buildings erected between 1955 
and 1975 (of 1,348 buildings sampled) contained joint sealants (caulking) with PCB 
concentrations of 20 to 550,000 mg/kg (Zennegg et al. 2004). The research showed that joint 
sealants containing more than 100 mg/kg PCB were most likely to be encountered in buildings 
erected in Switzerland between 1966 and 1975.  

Andersson et al. (2004) conducted a survey in Bergen, Norway, to determine if PCB 
concentrations varied according to building usage type and age, and the nature and extent of 
displacement of PCBs in surrounding soils. Structures built between 1952 and 1979 were chosen 
for the survey. Based on masonry and plaster samples, the residential buildings and schools 
demonstrated higher PCB concentrations in both soil and plaster than buildings designated for 
office use, storage, or for industrial purposes. Buildings erected in the 1950s and 1960s also 
showed a higher PCB concentration than buildings from a later date. Maximum PCB 
concentrations (measured as the congener PCB-7) were 1,940 mg/kg in paint, 290 mg/kg in 
plaster, and 320 mg/kg in surface soils. The high PCB concentration of the soil sample with the 
maximum concentration (320 mg/kg) may have been due to contamination from double-glazed 
windows, which had been stored in this location (this was not discovered until after the samples 
were collected). Overall, the soil samples tended to have a higher concentration than the 
corresponding plaster from the adjacent wall. The authors believe that the high soil organic 
matter content may retain PCBs.  

Priha et al. (2005) conducted a survey in Finland (exact location not revealed in the publication) 
to determine PCB contamination in the surroundings of former PCB-containing buildings and to 
evaluate the risks to human health. The survey focused on 11 buildings that were built in the 
1960s and had undergone sealant replacement within 1 to 3 years of the study. Samples from 
soil, and also from blood serum of residents, were collected to obtain data for the exposure 
assessment. The yards of the buildings were partly covered with asphalt, grass, or sand. The 
mean total PCB concentration was 6.83 mg/kg within 2 meters of the buildings and 0.52 mg/kg 
within 3 to 10 meters of the buildings. In previous surveys, the PCB content of polysulfide joint 
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sealants used in Finland between 1960 and 1975 in prefabricated concrete buildings was 
typically between 10 and 20 percent (Priha et al. undated). 

Jartun et al. (2009) conducted a study of a large number of samples of flaking old paint from 
various buildings in Bergen, Norway. The authors’ results suggest that paint may be the most 
important contemporary source of PCBs in this urban environment, with concentrations of 
PCB-7 up to 3,390 mg/kg. Twenty-three of the samples were collected from a single building, 
and the concentrations were found to vary over three orders of magnitude. In addition, 16 
concrete samples from a large bridge previously coated with PCB-containing paint were 
collected and separated into outer and inner samples, indicating that PCBs are still present in 
high concentrations subsequent to renovation. PCBs were found in several categories of paint 
from wooden and concrete buildings, potentially introduced to the environment by natural 
weathering, renovation, and volatilization. 

Diamond et al. (2010) estimated PCB stocks in Toronto, Canada, from data contained in 
Canada’s national inventory of current PCBs in closed use and storage. This inventory was 
created as part of 1977 Canadian legislation and lists sites of PCB use or storage from voluntary 
reporting, supplemented by limited inspections by federal compliance officers. Of the inventory, 
approximately 97 percent is in closed sources (e.g., electrical transformers) and 3 percent in open 
sources (building sealants). To estimate PCB inventory in joint sealants in Toronto buildings, the 
authors sampled and analyzed sealants in 80 Toronto buildings constructed from 1945 to 1980. 
That survey found 14 percent of the buildings (10 of 70) had sealants that exceeded 50 mg/kg; 
the maximum concentration was 82,100 mg/kg and geometric mean concentration was 4,360 
mg/kg. Using assumptions of 55g of sealant per cubic meter of building, and an average PCB 
concentration of 4,360 mg/kg, Diamond et al. estimated the total mass of PCBs in sealants in 
Toronto as 13 metric tons2 (lower and upper bound estimates of 0.14 to 231 metric tons). They 
estimated that PCBs in sealants and caulking were geographically concentrated in residential 
areas within multi-unit residential infrastructure (i.e., apartment buildings) and commercial 
buildings constructed during the post World War II boom years from 1950 to 1970. The results 
were used to model PCB emissions and fate in the city, and to shed light on why PCB temporal 
trends appear to be nearly stable and on whether current policies will reduce concentrations and 
exposures. 

2.5 Use of PCBs in Building Materials After 1978 

The Toxic Substances Control Act of 1976 (TSCA) prohibited the manufacture, processing, or 
distribution of PCBs in other than a totally enclosed manner after January 1, 1978. However, the 
ban did not go into effect until July 2, 1979, after EPA implemented the PCB Final Rule, which 
was issued on May 31, 1979 (44 FR 31514-31558). Before the ban, PCBs were intentionally 
added to paints and caulks as a plasticizer, providing flexibility and durability to the final 
product, as well improving adhesion (Robson et al. 2010; Erickson and Kaley 2011). PCBs were 
used extensively in building sealants (e.g., caulks) in buildings constructed from the 1950s to the 
1970s, and numerous studies have found PCBs in polysulfide sealants used between 1950 and 
1980 in excess of 50 mg/kg (studies in the United States, Europe, and Canada reviewed in 
Robson et al. 2010).  

                                                 
2 A metric ton is a unit of mass equal to 1,000 kilograms.  
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Monsanto, the only manufacturer of PCBs, ceased production in 1977, two years before EPA’s 
ban on PCB manufacturing and use went into effect (Erickson and Kaley 2011). Further, the 
“open” uses that lead to direct disposal into environmental compartments were voluntarily 
curtailed by Monsanto at some time between 1970 (Erickson 1997) and 1972 (EPA 1983; 
Commission for Environmental Cooperation 1996). This would have included PCBs for use in 
paints and caulks. By 1972, capacitor and transformer manufacture accounted for all of the PCBs 
sold by Monsanto (Erickson 1997).  

Based on this information, the range of building dates considered for the sampling survey was 
1950 to 1977. However, Ecology was recently notified that a Seattle-area building constructed in 
approximately 1989 and slated for demolition tested positive for PCBs in interior and exterior 
caulk at concentrations greater than the 50 mg/kg allowed by regulation. This would have been 
over 10 years after the ban. Detected PCB concentrations were up to 1,000 mg/kg in wall seams 
and 630 mg/kg in door seams. Additional testing did not find any PCBs in concrete walls 
adjacent to contaminated caulk or in catch basin samples surrounding the building.  

While this information was received too late to incorporate into the sampling plans for the 
current study, Ecology directed SAIC to collect additional information about the potential 
presence of PCB-containing materials in buildings constructed after the PCB ban.  

Research into the potential for buildings constructed after 1977 to contain PCB-contaminated 
materials (paints and caulks specifically) entailed the following:  

• Searching for Federal Register notices containing the proposed PCB regulations and 
comments on the proposed regulations (Note: SAIC was unable to locate the 1970s 
documents that included initial comments on TSCA and the eventual PCB ban); 

• Contacting EPA employees listed on the Regional PCB Contacts webpage 
(http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/coordin.htm); 

• Keyword searches of the scientific literature using Google Scholar 
(http://scholar.google.com/); 

• Keyword search of the archives for the Washington Post, New York Times, and Wall Street 
Journal; 

• Keyword searches of major internet search engines (Yahoo! and Google); and 

• Contacting researchers who have been studying PCBs in building materials. 

The phone calls and e-mails are summarized in Table 1 while the research documents obtained 
are summarized in Table 2. 

According to Erickson and Kaley (2011), over 114 million pounds (52,000 metric tons) of PCBs 
were sold by Monsanto in the United States between 1930 and 1975 to be used as plasticizer, and 
over 26.5 million pounds (12,000 metric tons) were sold for use in miscellaneous applications. 
Capacitor and transformer fluids accounted for 75 percent of all U.S. sales. The PCBs used for 
plasticizer applications (e.g., for use in paints and caulks) were often sold to independent 
distributors who resold them to the manufacturers of the ultimate product (Erickson and Kaley 
2011).  
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Jim Haklar, EPA Region 2 PCB coordinator, has worked for the EPA for 26 years and in TSCA 
specifically for the last 5 years. His understanding of the use of PCBs in caulks, from discussions 
with a contractor who used to apply them in the northeast, is that the caulk and PCBs were 
separate and had to be mixed by the contractor prior to application. Mr. Haklar indicated that 
when working with EPA headquarters on the development of PCB guidance to define which 
buildings to assess for PCB contamination, an extra couple of years were added to the 1978 ban 
date in case there were supplies that were still being used up. He has not heard of any inventory 
or list of what might have happened to materials already in contractor’s inventories after the ban. 
EPA has not focused on buildings constructed after 1980, and PCBs in post-1980 construction 
has not been an issue in EPA Region 2. Mr. Haklar was surprised to hear of a building built in 
1989/1990 with PCBs in the caulk, although he thought the levels (~1,000 mg/kg max) were low 
for PCB-containing caulk. Members of the International Union of Bricklayers and Allied Craft 
Workers who reported the use of PCB caulk told an investigator in Boston that formulations 
changed during the late 1970s, possibly corresponding to the elimination of PCBs mandated by 
the EPA in 1977 (Herrick et al. 2004). 

In addition to PCBs being intentionally added to paints and caulks, as described above, PCBs 
were also inadvertently created in the production process of certain pigments (44 FR 31527). In 
the PCB Final Rule, EPA acknowledged that pigment producers were creating pigments with 
PCB concentrations in excess of 50 mg/kg. The EPA stated that “within 2 years the industry will 
have made the changes necessary to reduce the PCB contamination levels to less than 50 ppm.”  
The EPA believed that “these products [paints and inks made with the contaminated pigments] 
contain far less than 50 ppm PCB because of the dilution that takes place when the pigment is 
mixed with the medium it is coloring” (44 FR 31535, G. Pigments). The EPA extended the 
processing and distribution of PCB-containing pigments until January 1, 1982, in order to reduce 
the cost to the pigment industry in complying with the ban (44 FR 31536, G. Pigments). In 1984, 
the Washington Post and 11 other newspapers found that their yellow printing inks contained 
PCBs over the 50 mg/kg limit, and levels over 1,000 mg/kg at one paper (Feaver 1984). A 
California newspaper reported finding PCBs at levels up to 4,100 mg/kg in its ink (PR Newswire 
1984). It is unknown how many other pigment producers may have continued to produce high 
PCB-level pigments after the ban. 

Based on 40 CFR 761.80, PCBs are currently allowed at less than 25 mg/kg, with a 50 mg/kg 
maximum in commerce of diarylide pigments or phthalocyanine pigments when leaving a 
manufacturing site or when imported to the United States. Analysis of commercial paint 
pigments purchased in Chicago-area retail stores by Hu and Hornbuckle (2009) indicates that 
PCB congeners can still be found in azo and phthalocyanine pigments, although the PCB levels 
were all below the regulatory standard. More than 50 PCB congeners were detected in the 
pigment samples that they analyzed. In their research into these pigments, Hu and Hornbuckle 
concluded that “In spite of accelerated progress in the synthesis of organic pigments, 
commercially available pigments at present are chemically identical to those produced 
historically since the use of synthetic pigments.”  No information was found on excessive PCB 
(greater than 50 mg/kg) concentrations in paints that were the result of highly contaminated 
pigments. It is more likely that only the deliberate addition of PCBs to paints would cause such 
levels in the final paint product. 
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The EPA is aware of homeowners bringing paints with high PCB concentrations to municipal 
landfills for disposal (EPA 2009b). Unfortunately, the document in which this statement appears 
(the 2009 PCB Q&A Manual) does not provide additional details as to the dates when this might 
have happened or the PCB levels involved. The Q&A manual is a policy document that 
addresses use, cleanup, and disposal requirements of PCBs. Note that PCB-containing paints are 
not mentioned in the 1994 manual, suggesting that the agency may not have considered PCB 
paints as a PCB waste issue at that time (EPA 1994). This is supported by the statements in a 
2008 conference paper presentation by Elizabeth Lowry of the Washington Savannah River 
Company, Environmental Services Section. In her conference presentation on PCB issues in the 
21st century, Ms. Lowry contended that “during development of the early PCB regulations, 
apparently very little information was provided to EPA concerning most NLPCBs [non-liquid 
PCBs].”  Some uses of [NLPCBs] were “apparently overlooked during regulatory 
development… for example, the notice includes no information to indicate that manufacturers 
sought any grandfathering provision or use authorization for NLPCBs as plasticizers or in 
paints” (Lowry 2008). 

The specific articles and documents reviewed during the historical search are listed in Table 2 
and are summarized below: 

Richards, B. 1975, December 23. U.S. Curbs PCB Spread, Will Seek Eventual Ban. This 
article describes EPA’s announced crackdown and that it would eventually seek an eventual halt 
to all PCB production in the United States. EPA Administrator Russell Train was quoted in the 
article as saying that EPA directives to industry in 1972 cut PCB production by 50 percent and 
limited their use to closed systems to prevent leaks. Note that evidence of a 1972 directive 
limiting use outside of closed systems could not be located during preparation of this Summary 
Report. 

EPA. 1983. The PCB regulations under TSCA: Over 100 questions and answers to help you 
meet these requirements. Monsanto voluntarily ceased all sales of PCBs for all uses except 
certain electrical transformer and capacitor uses. 

Washington Post. 1984, July 2. EPA permitting limited PCBs. This article indicates that the 
EPA, acting on the advice of industry and environmental groups, announced it was making a 
series of limited exceptions to the national ban on production, distribution, and use of PCBs. The 
new rule allows some PCB-producing industrial processes to continue, despite the ban, if the 
PCBs are inadvertently generated and limited in most products to an annual average 
concentration of 25 ppm and a maximum of 50 ppm at any time. 

PR Newswire. 1984, August 10. EPA Charges Magruder Color Co. in polychlorinated 
biphenyls case. EPA charged the Magruder Color Co. of Elizabeth, NJ, and its subsidiary 
company, Indol Color Company of Cataret, NJ, with 148 counts of unlawful manufacturing, 
processing, distribution in commerce, labeling, and disposal of PCBs. EPA claims failure to 
comply with EPA regulations led to PCB contamination of yellow ink used by a California 
newspaper with PCB levels up to 4,100 ppm. 

Commission for Environmental Cooperation. 1996. Status of PCB management in North 
America. Monsanto voluntarily ceased marketing PCBs in dispersive uses in 1972. 
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Lippman, T.W. 1998. Russian PCBs Complicate Toxics Treaty. Washington Post article 
describes Russia’s inability to comply with a treaty to restrict the production and use of toxic 
chemicals because they were still producing and using PCBs themselves. U.S. negotiators 
working on the treaty had not known that Russia was still making and using them in electrical 
transformers. Russia was granted a special exemption from the treaty allowing PCB production 
to continue until 2005 and postponing destruction of the last stocks until 2020. 

Lowry, E. 2008. Polychlorinated biphenyl compliance issues in the 21st century: Poorly 
recognized and potentially devastating. This paper focused on PCB characterization and waste 
management issues associated with deactivation and decommissioning of U.S. Department of 
Energy nuclear facilities. It identified PCB materials that are likely to be present in such 
facilities, with emphasis on the non-liquid PCB (NLPCB) forms. In the preamble to the rule, 
EPA summarized the results of ten days of public hearings conducted in 1978 concerning the 
proposed regulation. The notice indicated that NLPCBs were thought to exist only in few and 
limited applications, primarily as dyes and pigments; the associated PCB concentrations were 
thought to be relatively low. The notice indicated that representatives of the dye and pigment 
industry had objected to an immediate PCB ban due to the lack of available substitute products; 
as a result, a 30-month grandfathering period was established for the dyes and pigments to allow 
continued use of the PCB-containing products while industry developed non-PCB alternatives. 
Other uses of NLPCBs apparently were overlooked during regulatory development; for example, 
the notice includes no information to indicate that manufacturers sought any grandfathering 
provision or use authorization for NLPCBs as plasticizers or in paints. In the post-TSCA era, 
NLPCBs were not generally recognized until the early 1990s, when the U.S. Navy discovered 
many NLPCB materials in its older submarines and surface ships. According to Lowry, 
successful removal of PCB paint from a porous surface has been extremely difficult, time-
consuming, and expensive; disposal of these and other NLPCB materials is much more cost-
effective than removal of the PCBs. PCBs, particularly in non-liquid forms, are far more 
prevalent than many waste management professionals have realized. 

Robson et al. 2010. Continuing sources of PCBs: the significance of building sealants. To 
investigate the significance of building sealants as a remaining source of PCBs to the 
environment, a combined measurement campaign and GIS-based stock estimation were 
undertaken for Toronto, Canada. This showed that 14 percent of buildings measured had 
detectable quantities of PCBs present in sealants, with concentrations from 57 mg/kg to 82,000 
mg/kg (n=95). There is an estimated 13 metric tons still present in the city; mass balance 
calculations showed that up to 9 percent had been lost via volatilization alone. Buildings were 
sampled in date ranges pre-1945 (control, N = 8, % detect = 0), 1945–1960 (N = 11, % detection 
= 27), 1960–1969 (N = 41, % detection = 17), 1970–1980 (N = 28, % detection = 4), and post 
1980 (control, N = 21, % detection = 0). PCBs were detected in sealants in one single-detached 
house, which statistically translates to 10 percent of 1950s–1970s homes. This is the lowest 
proportion of detection in any building category, and may reflect either an increased frequency 
of renovation in homes as well as the lesser amount of sealant use in homes compared to larger 
concrete buildings; however, as only 14 homes were sampled it is difficult to draw any further 
firm conclusions. Note that the results of Robson et al. support the statements that Monsanto 
stopped selling PCBs for other than enclosed uses in the early 1970s. Canada did not produce 
PCBs. 
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Erickson & Kaley. 2011. Applications of polychlorinated biphenyls. This paper summarizes 
the uses of PCBs in the United States and includes some chemistry as well as regulatory 
discussion. The authors indicate that Monsanto voluntarily withdrew PCBs from “all markets 
that were considered likely to lead to environmental discharges. Sales were restricted to a limited 
number of manufactures of electrical equipment for uses in nominally closed systems, such as 
capacitors and transformers.”  This article was provided by Mr. Duncan, PCB coordinator for 
EPA Region 10. 
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3.0 Data Collection and Analytical Methods 

This section describes the process used to identify buildings selected for sampling, and the 
procedures for sample collection, processing, identification, documentation. The SAP/QAPP was 
followed for all sample collection (SAIC 2011), with the exceptions noted in this section. 

3.1 Selection of Building Material Sampling Locations 

A visual survey of the buildings within the Diagonal Avenue S storm drain basin, shown in 
Figure 2, was conducted between January 31 and February 3, 2011. Buildings that were near 
existing storm drain solids sampling locations and that were constructed between 1950 and 1977 
were preferentially selected for the survey.3  

Of the 2,286 buildings in the Diagonal Avenue S drainage area that were constructed between 
1950 and 1977, a total of 92 parcels were evaluated during the visual survey. The visual survey 
results for each of these parcels are summarized in Appendix A, which includes the Parcel 
Identification Number, building construction date, building address, taxpayer name and address, 
current building occupant, condition of paint, caulk types, and, if available, the maximum PCB 
solids concentration in a nearby storm drain manhole or catch basin. The properties evaluated 
during the visual survey included 56 industrial parcels, 31 commercial parcels, and 5 residential 
parcels. 

SAIC’s subcontractor (EnviroIssues) led the effort to obtain signed access agreements from the 92 
property owners identified during the visual survey. The effort included letter writing, phone calls, 
e-mails, and site visits. As a result, a total of 32 signed property access agreements were obtained 
from the 92 property owners (approximately 35 percent) and included parcels spread throughout 
the drainage area. 

These 32 properties were grouped into 16 composite sample areas (CSAs) based on their 
location, building type, and construction date. Each CSA consists of two properties (“a” and “b”) 
and materials were analyzed as composite samples, meaning samples from two or more 
structures were tested together. As a result, the contaminant level associated with an individual 
building, if any exists, cannot be identified. This was done to avoid identifying a building with 
PCBs in paint or caulk above regulatory limits that would subsequently require removal under 
EPA oversight. Without anonymity, it is certain that no property owner would allow any 
sampling at all. The 19 building sampling maps showing the 16 CSA locations (both “a” and 
“b”) are summarized in Table 3 and shown in Appendix B. 

One of the properties at CSA 13 needed to be eliminated from the survey after interviewing the 
property owner. This residential property owner had conducted extensive remodeling and, as a 
result, did not have any potential PCB-containing paint or caulk remaining. Thus, only 31 
properties were sampled during this survey. The original residential property designated as “CSA 
13b” was eliminated and the property from “CSA 13a” was added to CSA 15 as “CSA 15c.” 

                                                 
3 One of the buildings at composite sample area 1b later turned out to be constructed in 1942, but this building was 
kept in the survey to determine if PCB additives may have been used prior to 1950.   
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3.2 Building Material Sampling 

3.2.1 Pre-Sampling Evaluation Procedure 

Each CSA consisted of two buildings located within ½-mile and constructed during the same 
time period (1950s, 1960s, or 1970s). The two buildings were located on separate parcels (“a” 
and “b”) in order to ensure that no source was directly identifiable. As discussed in Section 2.1, 
an exception was CSA 15, which was composed of discrete samples from three buildings (“a,” 
“b,” and “c”). 

Upon arriving at the first “a” parcel in the composite area, the sampling team notified staff at the 
main office or the building resident of the planned activities and the approximate duration of 
sampling. If office staff or residents were present, the sampling team inquired as to the last time 
the building was painted or renovated. The team then examined each painted building to identify 
the specific paint and caulk sampling locations. This evaluation included visually inspecting the 
color and condition and then touching the paint and caulk to determine its elasticity and 
brittleness. Test cuts were made into the paint and caulk to determine the extent of paint and 
caulk layers present.  

A similar evaluation of the paint and caulk on the building at the second “b” parcel was 
performed. Based on this evaluation, the Field Manager selected the locations of the sampling 
points for the paint and caulk composite samples. When possible, the Field Manager attempted to 
ensure that the discrete samples within each composite sample had similar color, condition, and/or 
brittleness. As shown in the Paint Field Sample Forms in Appendix C and the Caulk Field Sample 
Forms in Appendix D, a direct match of color and condition was not always possible. 

Each composite sample consisted of four discrete samples, two from the first “a” building and 
two from the second “b” building. The exception was CSA 15, which was composed of six 
discrete samples, two from “a,” two from “b,” and two from “c.” 

Table 4 provides a summary of the paint and caulk collected at each CSA and includes the 
building construction date and type (industrial, commercial, or residential). The building 
construction dates from each discrete sample were averaged to determine if the CSA was in the 
1940s, 1950s, 1960s, or 1970s era. A summary of the representative building types at each of the 
16 CSAs is provided in Table 5. 

3.2.2 Sample Collection and Handling Methods 

A single-edged stainless steel razor blade in a utility knife was used to collect samples from the 
painted surfaces and caulk samples from the door frames, window frames, window glazing, and 
expansion joints. Discrete paint samples were collected in approximately 2-inch by 2-inch areas. 
Discrete caulk samples were collected at approximately 6-inch lengths. The discrete paint and 
caulk samples were cut or broken into smaller pieces of approximately 0.25 square inch size or 
smaller while in the sealed plastic bag or on the matte side of aluminum foil. Using disposable 
plastic spoons, approximately equal volumes of each discrete sample were combined into a 
2-ounce wide-mouth glass jar to form each composite sample. The composite samples were 
homogenized in the jars and labeled with a unique sample identification number.  
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For example:  

DAS-CA01-C1-3 is the third discrete sample in the first caulk composite sample collected from 
CSA 01 within the Diagonal Avenue S drainage basin.  

DAS-CA15-P3-2 is the second discrete paint sample for the third paint chip composite sample 
collected from CSA 15 within the Diagonal Avenue S drainage basin. 

3.2.4 Field Deviations to the SAP/QAPP 

All sample collection procedures were performed in accordance with the SAP/QAPP with the 
exceptions listed below. As stated in the sampling plan, three paint and three caulk composite 
samples would be collected from each composite sampling area, and each composite sample 
would consist of approximately equal volumes of four discrete samples, two from the first 
building “a” and two from the second building “b.”  However, based on the pre-sampling 
evaluation (discussed in Section 3.2.1), the numbers of samples were adjusted based on property 
owner interviews and close inspection of the paint and caulk. The specific field deviations were: 

• Only one paint composite sample was collected in CSAs 6 and 7 because only one relevant 
paint type was identified. 

• Only two paint composite samples were collected in CSAs 8 and 14 because only two 
relevant paint types were identified. 

• No paint samples were collected at CSA 15 because no relevant paint types were identified. 

• Only one caulk composite sample was collected in CSAs 1 and 4 because only one relevant 
caulk type was identified. 

• No caulk samples were collected in CSAs 6, 7, 8, 14, and 16 because no relevant caulk types 
were identified. 

• No caulk was found on the buildings in CSA 2b or 11a, so the caulk from CSA 2a was combined 
with the caulk from CSA 11b and the composite sample identified as DAS-CA17-C1.  

• No caulk was found at the building at CSA 9a, so the caulk from CSA 9b was combined with 
the caulk from CSA 15. Consequently, the composite sample DAS-CA15-C1 was composed 
of 6 discrete caulk samples. 

• During the examination of the building at CSA 13b, the residential property owner told the 
Field Manager that the building had been recently remodeled. Consequently, no samples 
were analyzed at CSA 13. The discrete paint samples collected from CSA 13a were 
composited with the discrete samples from building 9b and identified as samples DAS-
CA09-P1, DAS-CA09-P2, and DAS-CA09-P3. The discrete caulk samples from building 13a 
were composited with the discrete caulk samples from CSA 15b and identified as DAS-
CA15-C1. 

• The paint composite sample collected from CSA 3 was not analyzed for metals because 
insufficient volume was collected for analysis. 
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• Insufficient sample volume was initially provided to the laboratory for a few composite paint 
samples. However, the remaining volume of the discrete samples was stored at SAIC in 
labeled, ziplock bags and was subsequently delivered to ARI. The extra discrete sample 
volumes were then added to the associated composite sample and the composite samples 
were re-homogenized by ARI staff prior to analysis. 

3.3 Chemical Analysis 

All analyses were performed by ARI in accordance with Ecology guidelines as outlined in the 
SAP/QAPP (SAIC 2011). The analytical methods, target reporting limits (RLs), accuracy limits, 
and precision limits are provided in Table 7. 

3.3.1 Analytical Deviations from the SAP/QAPP 

The target reporting limit (RL) of 0.8 mg/kg for total PCBs was not achieved for several samples 
because of chromatographic interferences caused by the sample matrix. The laboratory 
performed extra cleanup steps on the sample extracts and modified analytical procedures as best 
as reasonably achievable to obtain the lowest RLs possible. The actual RLs are shown in Table 8. 
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4.0 Summary of Results 

This section presents a summary of the analytical results and compares the results to the 
representative building types.  

4.1 Paint Composite PCB Samples 

As shown in Table 6, a total of 38 paint composite samples were analyzed at 14 CSAs for PCBs. 
The results of the paint composite PCB samples for each Aroclor are presented in Table 8. 

PCBs were detected in 15 out of the 38 composite samples (approximately 39 percent). Aroclor 
1254 was detected up to 61 mg/kg while Aroclor 1260 was detected up to 46 mg/kg. Only one 
composite sample (DAS-CA09-P2) was detected above the Toxic Substances Control Act 
(TSCA) regulatory level for PCB-contaminated building materials of 50 mg/kg as defined in 40 
CFR 761. At these concentrations, the building materials must be disposed of in a TSCA-
permitted landfill as “PCB Bulk Product Wastes” (as defined in 40 CFR 761.3 and 761.62) when 
removed. Based on the composite results at DAS-CA05-P2 (29 mg/kg), DAS-CA05-P3 (32 
mg/kg), DAS-CA07-P1 (34 mg/kg), and DAS-CA11-P3 (46 mg/kg), it is likely that one or more 
discrete paint samples from these locations also exceed 50 mg/kg. As shown in Table 4, these 
five composite samples are from 1950s industrial buildings, 1950s commercial buildings, and 
1960s industrial buildings at CSAs 5, 7, 9, and 11. 

Paint sampling results were evaluated to assess whether there is a relationship between the PCB 
concentration, the paint color, and the condition of the paint. Table 9 shows the PCB concentration 
of each composite sample compared to its paint color(s) and the condition of the paint (i.e., good, 
moderate, or poor). The color and condition of each individual discrete paint sample is listed in 
Appendix C. As shown in Table 9, it is difficult to correlate the PCB concentration with paint color 
and condition due to the use of a composite sampling methodology, and the limited number of 
samples. The composite paint sample with the highest PCB concentration (61 mg/kg at DAS-
CA09-P2) contains both blue and beige discrete samples. However, other blue and beige paint 
samples did not contain detectable concentrations of PCBs. Similarly, most of the composite 
samples contained discrete samples in both moderate and good condition. Only one sample (DAS-
CA12-P1 with 2.1 mg/kg of PCBs) contained discrete samples in all “poor” condition. However, 
other paint samples with better paint condition (i.e., moderate/good) contained higher 
concentrations of PCBs. In general, all composite samples composed of only “good” discrete 
samples (i.e., DAS-CA01-P2, DAS-CA01-P3, DAS-CA03-P1, DAS-CA03-P2, DAS-CA03-P3, 
DAS-CA04-P3, and DAS-CA05-P1) did not contain detectable concentrations of PCBs; this may 
indicate that the buildings were repainted after 1978. 

Based on the composite sample results, the average PCB concentration in paint for each building 
type within the Diagonal Avenue S storm drain basin was estimated. For non-detects, one-half of 
the RL was used in the calculation. The estimated PCB concentration in paint for the 1940s, 
1950s, 1960s, and 1970s buildings are shown in Table 10. As shown in this table, the 1950s 
industrial buildings have the highest average PCB concentration of 20.7 mg/kg. The lowest 
estimated PCB concentration is from the 1940s industrial buildings (no PCBs detected), which is 
consistent with the fact that PCBs did not enter wide commercial use until 1950. As expected, 



Summary Report LDW Building Materials Sampling 

Page 24  June 2011 

the use of PCBs as paint additives decreased during the 1970s as the public became more aware 
of the PCB health hazards. Also, the use of PCB-containing paints in commercial and residential 
buildings was less than in industrial buildings from the same decade, which is as expected due to 
the more expensive PCB additives used in the paints. 

4.2 Caulk Composite PCB Samples 

As shown in Table 6, a total of 17 caulk composite samples were analyzed at 8 CSAs. The 
results of the caulk composite samples are presented in Table 11. 

PCBs were detected in 8 out of the 17 samples (approximately 47 percent). Aroclor 1248 was 
detected up to 2.4 mg/kg, Aroclor 1254 was detected up to 920 mg/kg, and Aroclor 1260 was 
detected up to 1.1 mg/kg. Only one composite sample (DAS-CA15-C1 at 920 mg/kg) was 
detected over the TSCA regulatory level of 50 mg/kg. At this concentration, the surrounding 
porous concrete is most likely contaminated at greater than 50 mg/kg  In addition, based on the 
composite results at DAS-CA03-C3 (20 mg/kg), it is likely that one or more caulk samples from 
CSA 3 also exceed 50 mg/kg. As shown in Table 4, these two composite caulk samples are from 
the 1960s and 1970s industrial buildings at CSA 3 and CSA 15. 

Table 12 shows the total PCB concentration in each composite sample compared to its caulk 
color, the condition of the caulk, and the caulk location. The color and condition of each 
individual discrete caulk sample is listed in Appendix D. As shown in Table 12, it is difficult to 
correlate the PCB concentration with caulk color and condition due to the use of a composite 
sampling methodology, and the limited number of samples. Of the eight caulk samples with 
detected PCBs, five are from expansion joints, two are from door frames, and one is from a 
window frame. No PCBs were detected at the window glazing or the vent glazing. 

Based on the composite sample results, the average PCB concentration in caulk for each building 
type within the Diagonal Avenue S storm drain basin was estimated. The estimated PCB 
concentrations in caulk for the 1940s, 1950s, 1960s, and 1970s buildings are shown in Table 13. 
As shown in this table, the 1960s industrial buildings have the highest average PCB caulk 
concentration of 78.5 mg/kg. The lowest estimated PCB concentration is from the 1940s industrial 
buildings (no PCBs detected), which is consistent with the fact that PCBs did not enter wide 
commercial use until 1950. As expected, the use of PCB-containing caulk peaked in the 1960s. 

4.3 Paint Composite Metals Samples 

As shown in Table 6, a total of 14 paint composite samples were analyzed at 13 CSAs. The 
results of the paint composite samples are presented in Table 14. 

Typical for paint from this era, high concentrations of zinc (up to 56,200 mg/kg), lead (up to 
14,200 mg/kg), and chromium (up to 3,570 mg/kg) were detected. Moderate amounts of copper 
(up to 1,380 mg/kg) and mercury (up to 50 mg/kg) were detected. Concentrations of cadmium 
(up to 21.7 mg/kg), arsenic (up to 9 mg/kg), and silver (up to 3.8 mg/kg) were detected. The 
concentrations of lead, chromium, and mercury at 6 of the 13 CSAs (i.e., CSAs 2, 4, 7, 9, 11, and 
12) were high enough that the paint-coated building materials may require disposal in a Resource 
Conservation and Recovery Act (RCRA)-permitted landfill when they are removed. In 
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comparison, modern water-based exterior paint contains an average of 9.14 mg/kg of copper, 
1,660 mg/kg of zinc, and non-detectable concentrations of cadmium, chromium, mercury, and 
silver (Huang et al. 2009).  

Based on the composite sample results, the average metals concentrations in paint for each 
building type within the Diagonal Avenue S storm drain basin were estimated. The estimated 
metals concentrations in paint for the 1940s, 1950s, 1960s, and 1970s buildings are shown in 
Table 15. As shown in this table, the 1960s industrial buildings had the highest concentrations of 
copper, mercury, and zinc while the 1950s commercial buildings had the highest concentrations 
of chromium, lead, and silver. In addition, the 1950s industrial buildings had the highest 
concentrations of arsenic while the 1970s industrial buildings had the highest concentration of 
cadmium. This wide diversity of metals would be expected due to the variety of paint 
formulations used over this 40-year period. 

4.4 QA/QC Samples 

Duplicate paint PCB samples were collected at DAS-CA05-P3D and DAS-CA10-P1D, and 
duplicate caulk PCB samples were collected at DAS-CA10-C1D. In addition, duplicate paint 
metals sample were collected at DAS-CA10-P1D. All field duplicate results were within the 
project acceptance limit of 50% relative percent difference (RPD) for PCBs. The RPD for all 
metals was within the project acceptance limits of 35 percent with the exception of cadmium, 
chromium, and zinc.  

No PCBs or metals were detected in the rinse blank sample. This shows that the sampling 
equipment used did not introduce any outside contaminants to the paint and caulk samples.  

4.5 Data Validation 

A Stage 2A data validation was performed by SAIC on all analytical results in accordance with 
U.S. Environmental Protection Agency (EPA) guidelines (EPA 1994, 2008, 2009, 2010b). No 
data were rejected or qualified as a result of the data validation. The data validation report is 
presented in Appendix G. 
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5.0 Comparison to Storm Drain Solids Data 

One objective of this study was to compare the PCB and metals concentrations measured in paint 
and caulk to concentrations in nearby storm drain structures, as listed in Seattle Public Utilities 
Source Control Program for the Lower Duwamish Waterway, December 2010 Progress Report 
(SPU 2010), to determine if a direct correlation could be made between the concentrations in the 
paint and/or caulk and the storm drains. Storm drain sampling locations in the Diagonal Avenue 
S storm drain basin are shown in Figure 5. The locations of the storm drains near paint and caulk 
sampling locations, and PCB analytical results, are shown on the Sampling Maps in Appendix B. 

Several factors made it impossible to achieve this objective: 

• The sample size was limited; access agreements were obtained for 31 properties, which 
were combined into a total of 15 composite sample areas.  

• Samples that made up each composite area were selected to represent similar building 
age, paint and caulk condition, and paint color. 

Because of the limited sample size, and because of the need to collect representative composite 
samples, the individual sampling locations that made up each composite area were not 
necessarily in close proximity. Individual samples in a composite area were from several 
thousand feet to up to 2 miles apart. Therefore, comparison of PCB concentrations in these 
composite sample results to nearby storm drain data would not provide meaningful information 
to assess a potential correlation. 

For the reasons described above for PCBs, metals data in building paint could not be directly 
compared to storm drain solids concentrations. In addition, other sources of toxic metals (e.g., 
from brake wear, tire wear, oil leaks, and vehicle exhaust) that discharge into the storm drains 
make evaluation of the contribution from building materials difficult.  
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6.0 Estimated Total Mass of PCBs and Metals in 
Building Paint 

Based on the results of a limited number of composite paint samples, as described in Section 5.0, 
a rough, order-of-magnitude calculation of the total mass of PCBs and metals in building paint in 
the Diagonal Avenue storm drain basin was developed. This is analogous to the calculations 
performed by Diamond et al. 2010 for caulk sealant materials in Toronto. 

The total area of painted surfaces on buildings constructed between 1950 and 1978 was 
estimated based on the following estimates and assumptions: 

• 2,286 buildings within the Diagonal Avenue S storm drain basin were built between 1950 
and 1978, based on data from the King County Recorder’s Office. 

• Approximately 28.6 percent of buildings in the Diagonal Avenue S basin are classified as 
“industrial.” 

• The average PCB paint concentration in the industrial buildings is 20.7 mg/kg (based on the 
average measured total PCB concentration in 1950s industrial buildings from Table 10). 

• The average exterior painted surface area on each industrial building (based on SAIC’s pre-
sampling visual survey) is approximately 8,000 square feet. 

• One gallon of PCB-containing paint was used to coat every 250 square feet of painted 
surface (on average).  

• Each gallon of paint weighed approximately 10 pounds and was composed of approximately 
5.67 pounds of volatile organics and 4.33 pounds of solids (including the PCB additives). 

• The number of industrial buildings in the Diagonal Avenue S drainage basin = 2,286 
buildings x 28.6% = 654 industrial buildings. 

• The total painted surface with PCB-containing paint = 654 buildings x 8,000 square 
feet/building = 5,232,000 square feet of painted surface. 

• The number of gallons of PCB-additive paint used = 5,232,000 square feet / 250 square feet 
= 20,928 gallons of PCB additive paint. 

• Mass of solids in paint used = 20,928 gallons x 4.33 lb/gallon = 90,618 pounds of PCB-
containing paint = 41,104 kg of PCB-containing paint. 

• Mass of PCBs on the industrial buildings in the Diagonal Avenue S storm drain basin = 
41,104 kg x 20.65 mg/kg = 850,853 mg = 850 g PCBs. 

Similar calculations were performed for metals in building paint, using the concentrations 
highlighted in Table 15; results are shown below.  
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Contaminant 

Estimated Mass of Chemical in 
Building Paint in the Diagonal 

Avenue S Storm Drain Basin (kg) 

PCBs 0.85 
Arsenic 0.39 

Cadmium 0.53 
Chromium 48.5 

Copper 15.1 
Lead 295 

Mercury 1.3 
Silver 0.095 
Zinc 677 

The mass of caulk on the buildings is relatively small compared to the paint coverage. The 
typical building will have 95 percent of the relevant surface area coated with PCB-containing 
paint compared to 5 percent with PCB-containing caulks. In addition, the condition of the caulk 
observed by the sampling team was generally better than the paint. For these reasons, no further 
calculations were performed for caulk. 
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7.0 Summary and Recommendations 

Paint and caulk samples were collected at 31 properties within the Diagonal Avenue S storm 
drain basin to evaluate the potential contribution of building materials to the PCBs and heavy 
metals found in the LDW sediments. The study concluded that the paints in the 1950s industrial, 
1950s commercial, 1960s industrial, and 1970s industrial buildings contain relatively high 
concentrations of PCBs and metals.  

Letters requesting permission for property access were sent to 92 property owners; of these, 
approximately 35 percent agreed to provide access to Ecology sampling teams for this study. 
Samples were collected from buildings at 31 properties, divided into 15 composite sample areas. 
From one to three composite samples of paint and/or caulk were collected from each composite 
area. 

PCBs were detected in 15 of 38 (39 percent) of building paint composite samples, with detected 
concentrations from 0.85 to 61 mg/kg. PCBs were detected in 8 of 17 (47 percent) of building 
caulk samples, with detected concentrations from 3.0 to 920 mg/kg. High concentrations of 
chromium (up to 3,870 mg/kg), copper (up to 1,380 mg/kg), lead (up to 14,200 mg/kg), mercury 
(up to 50 mg/kg), and zinc (up to 56,200 mg/kg) were also detected in building paint.  

Composite samples were collected at multiple buildings in order to protect the identity of the 
property owners. However, the composite samples limited the study in that the discrete samples 
could not be correlated directly to nearby storm drain solids concentrations, and direct 
comparisons between paint color/condition and PCB and metals concentrations could not be 
made.  

Therefore, in order to improve the data collected during this study, the following 
recommendations are provided: 

• Due to the difficulty in gaining access agreements with property owners, only 15 composite 
areas were sampled. Additional samples are needed to increase confidence in the results. 

• If property access can be obtained, discrete paint, building caulk, and corresponding onsite or 
downstream storm drain solids samples would allow evaluation of the correlation between 
building material and storm drain concentrations, if any.  

• Collection of samples from buildings constructed between 1978 and 1988 would allow 
assessment of the potential use of PCBs in building materials after the PCB ban. At least 11 
different properties will provide a 90 percent confidence level in the data. 

• Collection of building material samples from outside the Diagonal Avenue S storm drain 
basin is needed to determine whether the results and conclusions from this study may be 
applied to all of the buildings in the LDW basin. 
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1.0 Introduction 

The Lower Duwamish Waterway (LDW) is located south of Elliott Bay in Seattle, Washington. 
The LDW Superfund Site consists of 5.5 miles of the Duwamish Waterway as measured from 
the southern tip of Harbor Island to just south of the Norfolk Combined Sewer Overflow (CSO). 
As part of the Superfund cleanup, the Washington State Department of Ecology (Ecology) is 
leading efforts to control sources of sediment pollution, including polychlorinated biphenyls 
(PCBs), into the LDW. Source control is the process of finding and stopping or reducing releases 
of pollution to waterway sediments. The goal of source control is to stop ongoing sources and 
prevent sediments from becoming polluted again after clean up.  

In many areas of the LDW, source tracing efforts and business inspections have not identified a 
specific source of PCBs. Although PCBs have been detected at high concentrations in paints and 
other building materials in the LDW drainage area, the contribution of PCBs from building 
materials (primarily paints and caulks) to the LDW sediments is not fully understood. Therefore, 
Science Applications International Corporation (SAIC) has been tasked to conduct a survey of 
PCBs in building paint and caulking materials in the LDW basin.  

2.0 Technical Approach for Visual Survey 

2.1 Drainage Area 

Based on GIS shapefiles from King County, the LDW separated storm drainage area was 
estimated to encompass approximately 9,000 acres and 27,003 buildings. According to data from 
the King County Recorder’s Office, 7,594 of these buildings were constructed between 1950 and 
1977. Upon consultation with Ecology, SAIC selected the Diagonal Avenue S drainage basin as 
“representative” for the entire LDW drainage basin. The Diagonal Avenue S drainage basin 
covers 2,620 acres (approximately 4 miles by 1.5 miles) and contains a variety of industrial, 
commercial, and residential buildings. According to the County Recorder’s Office data, a total of 
2,286 buildings in the Diagonal Avenue S basin were constructed between 1950 and 1977. 

Land uses and industries located in the Diagonal Avenue S drainage basin have included, among 
others: specialized metal products manufacturing, chemical distributors, warehouse and office 
space, metals electroplating, dry cleaners, heating oil sellers, auto repair shops, a landfill (now 
closed), a recycling transfer station, a steel foundry, and specialty plastics manufacturing. 

The northern and southeastern portions of the drainage area are primarily residential, while the 
southwestern portion is primarily industrial. In addition, there are residential/commercial mixed 
use areas concentrated along major roads such as Rainier Avenue, Jackson Street, and Beacon 
Avenue. The current zoning breakdown for the 2,620-acre drainage area is: 

 Single Family – 37.75% 

 Manufacturing/Industrial – 28.59% 

 Multi-Family – 21.30% 

 Neighborhood/Commercial – 10.82% 



Visual Building Survey Summary 

   

Page 2  February 9, 2011 

 Major Institutions – 0.90% 

 Downtown – 0.65% 

2.2 Building Materials 

The building materials observed during the visual survey included exterior paints and caulks. 
Although contaminants are likely present in other building materials, paints and caulks are 
believed to represent the major building material sources of PCBs. 

2.3 Building Types 

The visual survey was conducted on buildings constructed between 1950 and 1977 with a 
primary focus on industrial/manufacturing buildings because these buildings used the more 
expensive PCB additives in their paint and caulk. The secondary focus was on commercial 
buildings, which (for the purposes of the visual survey) include schools, churches, apartment 
buildings, and park buildings. The tertiary focus was on residential buildings.  

3.0 Visual Building Survey Results 

The visual survey was conducted between January 31 and February 3, 2011 by two SAIC 
employees (John Whelpley and Julie Wartes). Of the 2,286 buildings in the Diagonal Avenue S 
drainage area that were constructed between 1950 and 1977, a total of 100 parcels were initially 
selected for the visual survey based on their proximity to a nearby stormwater solids sampling 
point with >100 µg/kg of PCBs. Due to the locations of the stormwater solids sampling points, 
most of the parcels were located within the industrial and commercial zones with very few in the 
residential zone. Information on the owners of these parcels was obtained from the King County 
Tax Assessment database at: 

http://www5.kingcounty.gov/parcelviewer/viewer/kingcounty/viewer.asp 

Based on the visual observations, 20 of these parcels were eliminated from the survey due to the 
absence of visible painted surfaces (e.g., unpainted masonry or steel siding construction). This 
left 80 parcels with painted surfaces in proximity to a storm drain containing PCBs. Each parcel 
contains up to nine buildings, although most parcels only contain one or two buildings. 

In order to expand the breadth of the survey beyond the industrial zone, an additional 12 parcels 
(primarily government buildings) were selected for survey. Because these parcels are not located 
near a storm drain solids sampling point, correlating paint and caulk results with storm drain 
concentrations would require future collection of storm drain solids samples.  

Thus, a total of 92 parcels were observed and evaluated during the visual survey. The visual 
survey results for each of these parcels are summarized in the attached table, which includes the 
Parcel Identification Number, building construction date, building address, taxpayer name and 
address, current building occupant, condition of paint, condition of caulk, and the maximum 
PCB solids concentration in the nearby stormwater drain. As shown in this table, the visual 
survey evaluated 56 industrial parcels, 31 commercial parcels, and 5 residential parcels. 
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After receiving approval from Ecology, the SAIC subcontractor (EnviroIssues) will mail out 
Property Access Agreement letters and Fact Sheets to the 92 property owners listed in the table. 
It is anticipated that an approval rate of at least 44% will be received, which will allow the 
formation of 40 homogeneous sampling areas. However, if an approval rate of less than 44% is 
received, then some of the larger parcels with multiple buildings might be split into two or more 
homogeneous sampling areas, or additional buildings/property owners will be selected. 

Other observations from the visual building survey included the following: 

1) Condition of Paint—The painted surfaces (as observed from inside the vehicle) were 
better than expected. As shown in the attached table, approximately 27% of the painted 
surfaces are “good”, 60% are “moderate”, and 13% are “poor”. We attribute this to the 
fact that the industrial zone has a strong commercial aspect with many visiting 
consumers. This forces the building owners to conduct upkeep of the buildings on a more 
frequent basis, rather than allowing them to deteriorate rapidly. 

2) Condition of Caulk—It was difficult to evaluate the caulk on the doors and windows 
because we needed to stay inside the vehicle or on the sidewalk. However, many of the 
aluminum frame windows and steel door frames in the industrial area did not appear to 
have caulk. This may limit the scope of the caulk sampling survey. 

3) Fact Sheet Distribution—Although the survey team did receive many quizzical looks at 
first, nobody approached the team to ask what we were doing. Thus, we did not distribute 
any Fact Sheets to the public. We attribute this to the fact that we had a well-marked 
vehicle with an “SAIC” sign, personnel wore bright yellow traffic safety vests, and 
carried clipboards and identification as shown below. 
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Current Occupant/Tenant Paint ‐ Condition/Type Potential Caulk Locations Maximum PCB 
Concentration in 

Nearby
Parcel Number Year Built Parcel Address Zipcode Taxpayer Name Taxpayer Address Taxpayer City/State Zipcode Storm Drain solids 

(ug/kg)

Parcel Information Property Owner Information

2024049035 1975 615 S ALASKA ST 98108 615 SOUTH ALASKA LLC 5603 11TH AVE NE SEATTLE  WA 98105 Vacant Office painted concrete (good) caulk around doors and windows 3,000

3573200005 1969 4727 DENVER AVE S 98134 LOROLIVE LLC 3414 NE 55TH ST SEATTLE  WA 98105 Bartell Drugs and Pacific Shipping Company some beige painted concrete 
(moderate); mostly unpainted pebbled 
siding

very little potential caulk 4,800

3573200050 1967 4580 COLORADO AVE S 98134 M BLOCH & CO INC P O BOX 24063 SEATTLE  WA 98124 Bloch Steel Warehouses (11 buildings in 
industrial complex with massive scrap metal 
pile)

Mostly unpainted metal siding buildings, 
one building with peeling paint on wood 
(poor)

few doors and windows with caulk 9,000

3573200120 1974 4580 COLORADO AVE S (same 
address as Parcel 
3573200050)

98134 M.BLOCH & CO INC, c/o Joel 
Richards, President

P O BOX 24063 SEATTLE  WA 98124 Bloch Steel Administration Building painted aluminum siding (good) None visible 2,060

3573200250 1953 4634 EAST MARGINAL WAY S 98134 GOODMAN SSBP LLC 3131 S VAUGHN WAY 
#301

AURORA CO 80014 Multiple renters including: Cascade Machinery, 
Grand Central Bakery, Titan 360, and Arena 
Sports

Dark red painted brick and wood (good); 
some unpainted brick; some peeling 
paint near roof trim (poor)

very little potential caulk 1,140

3573700006 1967 4786 1ST AVE S 98134 SEARS MERCHANDISE GROUP 3333 BEVERLY RD HOFFMAN ESTATES 
IL

60179 Sears Parts and Repair Center (three buildings) Lots of painted concrete block and 
painted wood doors with painted‐over 
windows (poor); two buildings are 
unpainted metal siding

caulk around door and window 
frames

2,930

3573700130 1973 210 S HUDSON ST 98134 HUDSON ST LLC PO BOX 84941 SEATTLE  WA 98124 McKistry (metal manufacturing ‐ 2 buildings very little paint on metal building and 
concrete block building (moderate); 
some red paint on McKistry sign (good)

very little potential caulk 255

3573700195 1964 4930 3RD AVE S 98134 WWGRAINGER INC 100 GRAINGER PKWY LAKE FOREST IL 60045 Grainger (2 buildings) mostly unpainted pebble siding with 
some red painted metal siding (good) 
and yellow and red painted safety rails 
(good)

very little window caulk; some 
around doors and windows

255

3646100540 1963 2101 S Jackson Street 98144 Seattle Public Schools P.O. Box 34165 Seattle, WA 98124 Washington Middle School few painted surfaces (moderate/good) lots of windows and doors

3679400155 1965 1509 S Spokane Street 98144 City of Seattle, SPU/Real Prop ‐ WTR P.O. Box 34018 Seattle, WA 98124 Public Utility Buildings few painted surfaces (moderate/good) doors and windows

3881900570 1963 1801 24th Ave South 98144 Japanese Presbyterian Church 1801 24th Ave South Seattle, WA 98144 Japanese Presbyterian Church brown painted wood (moderate) doors and windows 2,100
3957900098 1960 4800 DENVER AVE S 98134 HRIC I LLC PO BOX 700 MERCER ISLAND WA 98040 Puget Sound Pipe & Supply painted concerete and metal doors 

(moderate)
very little potential caulk 2,930

3958900065 1962 4200 Airport Way South 98108 City of Seattle P.O. Box 94689 Seattle, WA 98124 City of Seattle Signs and Signals white painted masonry (moderate) doors and windows
3958900320 1962 4413 Airport Way S 98108 AIRGAS NOR PAC INC 3591 N COLUMBIA 

BLVD
PORTLAND OR 97217 Airgas NORPAC painted concrete block and concrete 

(moderate)
caulk around doors and windows 430

3958900340 1950 4429 AIRPORT WAY S 98108 PUGET SOUND INDUSTRY SERVIC PO BOX 80366 SEATTLE  WA 98108 Western Waterproofing Company beige painted concrete block (good); 
some white painted wood window 
frames (moderate)

very little potential caulk 1,610

3958900545 1973 636 S ALASKA ST 98108 JENSEN CARLYLE B 8275 166TH AVE NE 
#201

REDMOND WA 98052 Pacific Publishing Company peeling grey and white paint, especially 
near roof (poor)

doors and windows 3,000

3958900565 1971 4601 6th Ave S 98108 ADCO Properties 4601 6th Ave S Seattle, WA 98108 ADCO  white painted concrete (moderate) doors and windows 4,600
3958900601 1967 4604 4th Ave S 98108 Frank Ricchiazzi 330 Cajon Terrace Laguna Beach, CA 92651 Pedersen's Event Rentals beige painted concrete and wood (good) caulk around doors and windows 1,420

3958900645 1962 4500 4TH AVE S 98108 Pedersens Estates 4500 4th Ave S Seattle, WA 98104 Pedersen's Event Rentals beige painted concrete and wood (good) caulk around doors and windows 1,420

3958900650 1956 4500 4TH AVE S 98108 RICCHIAZZI F, c/o Richard Matthews 
ESQ

700 5TH AVE #5800 SEATTLE  WA 98104 Pedersen's Event Rentals beige painted concrete and wood (good) caulk around doors and windows 1,420

3958900786 1956 4400 4TH AVE S 98108 4400 BUILDING LLC 5603 11TH AVE NE SEATTLE  WA 98105 Multiple tenants including: LeDuc Packaging, 
Inc., Trane Parts Center, and Carpet Liquidators

beige painted concrete and metal doors 
and brick (moderate)

caulk around doors and windows 1,420

3958900851 1956 4100 4TH AVE S 98108 BIESOLD 4100 LLC PO BOX 1230 FALL CITY WA 98024 Multiple tenants in warehouse including 
Merlino Foods and Bamboo Hardwoods

Peeling yellow paint on bollards (poor); 
beige and dark brown painted concrete, 
wood, and concrete block (good)

caulk around doors and windows 240
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Current Occupant/Tenant Paint ‐ Condition/Type Potential Caulk Locations Maximum PCB 
Concentration in 

Nearby
Parcel Number Year Built Parcel Address Zipcode Taxpayer Name Taxpayer Address Taxpayer City/State Zipcode Storm Drain solids 

(ug/kg)

Parcel Information Property Owner Information

residental buildings
commercial buildings (including schools, churches, apartment buildings, and park buildings)
industrial buildings

Need solids sample at downgradient storm drain
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Appendix B 
 

Composite Sampling Area Maps 
 

Map C10 – CSA 6a 
Map D6 – CSA 16b 
Map D8a – CSA 7a 
Map E9a – CSA 1a and 14b 
Map E9c – CSA 7b and 8b 
Map E9d – CSA 6b, 8a, and 14b 
Map G6a – CSA 15c 
Map G10 – CSA 1b, 9a, and 16a 
Map H4 – CSA 2a and 2b 
Map H7 – CSA 12b 
Map I2b – CSA 11a and 11b 
Map I4c – CSA 9b and 15b 
Map I5b – CSA 3a and 3b 
Map I6 – CSA 12a 
Map J2b – CSA 15a 
Map J4 – CSA 10a 
Map J5a – CSA 4a, 4b, and 10b 
Map J5b – CSA 4b and 10b 
Map K4 – CSA 5a, 5b, and 14a









































 
 
 
 
 
 
 
 
 

Appendix C 
 

Chain of Custody Forms 



























 
 
 
 
 
 
 
 
 

Appendix D 
 

Field Forms 
 
 

Paint Sample Field Forms 
Caulk Sample Field Forms



 
 
 
 
 
 
 
 
 

Paint Sample Field Forms 

















































































 
 
 
 
 
 
 
 
 

Caulk Sample Field Forms 
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Laboratory Data Summary Reports 
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Data Validation  Report 



 

 

18912 North Creek Parkway, Suite 101 
Bothell, Washington  98011 

(425) 482-3325 
FAX:  (425) 485-5566 

 
 

Lower Duwamish Waterway Survey of Potential                
PCB-Containing Building Materials 

Data Validation Report 

1.0 Introduction 
On April 12 - 14, 2011, Science Applications International Corporation (SAIC) collected paint 
and caulk composite samples in the Diagonal Avenue S. drainage basin of the Lower Duwamish 
Waterway as detailed in the Lower Duwamish Waterway Survey of Potential PCB-Containing 
Building Material Sources - Sampling and Analysis Plan and Quality Assurance Project Plan 
(SAP/QAPP) (SAIC 2011). Samples were delivered to Analytical Resources, Inc. (ARI) in 
Tukwila, WA for the analyses listed in Table 1.   

Table 1.  Composite Paint and Caulk Samples and Analyses Performed   
Matrix Sample ID ARI Sample ID PCBs by EPA 8082 Metals by EPA 6010B/7471A 

Paint DAS-CA01-P1 SR92B X X 
Paint DAS-CA01-P2 SR92I X  
Paint DAS-CA01-P3 SR92J X  
Paint DAS-CA02-P1 SR40D X X 
Paint DAS-CA02-P2 ST36A X  
Paint DAS-CA02-P3 SR40K X  
Paint DAS-CA03-P1 ST36B X  
Paint DAS-CA03-P2 ST36C X  
Paint DAS-CA03-P3 ST36D X  
Paint DAS-CA04-P1 SR40E X X 
Paint DAS-CA04-P2 SR40L X  
Paint DAS-CA04-P3 SR40M X  
Paint DAS-CA05-P1 SR40B X  
Paint DAS-CA05-P2 SR40H X X 
Paint DAS-CA05-P3 SR40I X  
Paint DAS-CA05-P3D a SR40C X  
Paint DAS-CA06-P1 SR92F X X 
Paint DAS-CA07-P1 SR92E X X 
Paint DAS-CA08-P1 ST36E X X 
Paint DAS-CA08-P2 SR89F X  
Paint DAS-CA09-P1 SR89E X X 
Paint DAS-CA09-P2 SR89L X  
Paint DAS-CA09-P3 SR89M X  
Paint DAS-CA10-P1 ST36F X X 
Paint DAS-CA10-P1D a ST36G X X 
Paint DAS-CA10-P2 ST36H X  



 

Matrix Sample ID ARI Sample ID PCBs by EPA 8082 Metals by EPA 6010B/7471A 

Paint DAS-CA10-P3 ST36I X  
Paint DAS-CA11-P1 SR92A X X 
Paint DAS-CA11-P2 SR92G X  
Paint DAS-CA11-P3 SR92H X  
Paint DAS-CA12-P1 SR89B X X 
Paint DAS-CA12-P2 SR89G X  
Paint DAS-CA12-P3 SR89H X  
Paint DAS-CA14-P1 SR89D X X 
Paint DAS-CA14-P2 SR89K X  
Paint DAS-CA16-P1 SR89C X X 
Paint DAS-CA16-P2 ST36J X  
Paint DAS-CA16-P3 SR89I X  
Caulk DAS-CA01-C1 SR92N X  
Caulk DAS-CA03-C1 SR41A X  
Caulk DAS-CA03-C2 SR41B X  
Caulk DAS-CA03-C3 SR41C X  
Caulk DAS-CA04-C1 SR41H X  
Caulk DAS-CA05-C1 SR41F X  
Caulk DAS-CA05-C2 SR41G X  
Caulk DAS-CA05-C3 SR41D X  
Caulk DAS-CA10-C1 SR92O X  
Caulk DAS-CA10-C1-D a SR92P X  
Caulk DAS-CA10-C2 SR92Q X  
Caulk DAS-CA10-C3 SR92R X  
Caulk DAS-CA12-C1 SR89N X  
Caulk DAS-CA12-C2 SR89O X  
Caulk DAS-CA12-C3 SR89P X  
Caulk DAS-CA15-C1 SR89R X  
Caulk DAS-CA17-C1 SR92M X  
  Total Paint 38 14 
  Total Caulk 17 -- 

a This is a field duplicate sample of the sample directly preceding it. 

ID = identification; PCBs = polychlorinated biphenyls; ARI = Analytical Resources, Inc. 

A Stage 2A compliance screening level data validation was performed by SAIC in Bothell, WA 
on all results using USEPA guidance (USEPA 1994, 2008, 2009, and 2010).  The data validation 
included an evaluation of data package completeness, sample chain-of-custody, sample 
preservation and analytical holding times, method blank contamination, precision, accuracy, and 
verification of the target compound list and reporting limits (RLs). 

1.1 Data Quality Review Summary 
In general, all quality control parameters were within the acceptance limits prescribed by the 
analytical methods.  Samples were transported under proper chain-of custody procedures at 
ambient temperatures and all analyses were conducted within recommended holding times. Data 
packages were complete and electronic data deliverables were verified. No data were qualified as 
a result of the data validation, which is summarized below.  Results are acceptable for all uses. 



 

1.2 Accuracy 
Accuracy is the degree to which an observed measurement agrees with an accepted reference or 
true value. Accuracy is a measure of the bias in the system and is expressed as the percent 
recoveries of surrogates and spiked analytes in laboratory control samples (LCS) and matrix 
spike (MS) samples.  

A minimum of one laboratory method blank and LCS was analyzed for all analytes in each 
analytical batch to assess potential laboratory contamination and accuracy. A laboratory control 
sample duplicate (LCSD) was analyzed if there was insufficient sample volume to prepare 
project specific MS and matrix spike duplicate (MSD) samples. All method blank, MS/MSD, 
and LCS/LCSD samples were analyzed at the required frequency. No chemicals were detected in 
the method blank samples.  All LCS/LCSD percent recoveries were within acceptance limits. All 
MS/MSD and surrogate percent recoveries were within acceptance limits with the following 
exceptions.  The surrogate recovery for tetrachlorometaxylene (140%) in sample DAS-CA17-C1 
exceeded the control limit of 106%.  Since the other surrogate was within control limits no action 
was taken.  The MS/MSD recoveries for Aroclor 1016 and Aroclor 1260 in sample DAS-CA15-
C1 could not be accurately determined because of chromatographic interferences due to matrix 
effects. The accuracy of the analyses is acceptable. 

1.3 Precision 
Precision is a measure of mutual agreement among individual measurements of the same 
property under prescribed conditions. Precision is assessed by the analysis of laboratory 
duplicate samples, field duplicate samples, MS/MSD, and LCS/LCSD. The calculated relative 
percent differences (RPDs) for laboratory duplicate samples, MS/MSD and LCS/LCSD pairs 
provide information on the precision of the analytical procedures. All analytical RPDs were 
within acceptance limits.   

Field duplicate samples were collected and analyzed for the chemicals of interest at a rate of one 
per twenty composite samples of each matrix. Field duplicate samples are identified in Table 1. 
The RPDs for field duplicate samples provide information on the precision of sampling and 
analytical procedures. All field duplicate results were within the project acceptance limit of 50% 
RPD for PCBs. All field duplicate results for were within the 35% acceptance limits for metals, 
with the exceptions presented in Table 2.  

Table 2.  Field Duplicate Samples with RPDs Exceeding Control Limits    

Chemical Unit 
Sample Result 
DAS-CA10-P1 

Field Sample Result 
DAS-CA10-P1D 

RPD (%) 

cadmium mg/kg 1.3 0.9 36 

chromium mg/kg 115 167 37 

zinc mg/kg 10,800 5,060 72 

RPD = relative percent difference 

Analytical and field precision are acceptable for this project. 



 

1.4 Representativeness 
Representativeness expresses the degree to which data accurately and precisely represent an 
actual condition or characteristic at a particular sampling point. Representativeness is achieved 
by collecting samples representative of the matrix at the time of collection. Representativeness 
can be evaluated using replicate samples and blanks. The results of replicate samples are 
acceptable as discussed in section 1.3. 

A rinse blank sample was collected and analyzed for PCBs and metals to confirm that no 
contamination would be introduced into the samples during collection or processing. The rinse 
blank sample was collected by ARI prior to the start of sampling activities by pouring deionzed 
water over the razor blades used during sample collection and processing. No chemicals were 
detected in the rinse blank sample. The results of the method blank samples and rise blank 
sample are acceptable.  

1.5 Completeness 
Completeness is based on the amount of valid data obtained from each sample analysis.  All data 
were deemed valid during data validation; therefore, one hundred percent completeness was 
achieved.  Target RLs were not met for several samples because of 1) chromatographic 
interferences due to matrix and/or 2) smaller than normal sample aliquots were used during 
sample preparation because of limited sample volume.  Non-detect results with RLs above target 
RLs are listed in Table 3. 

Table 3.  Non-detect Results with RLs Exceeding Target RLs (mg/kg) 

Sample Chemical Target RL  Sample RL  
DAS-CA02-P1 Total PCBs 0.8 - 10 36 U 
DAS-CA02-P2 Total PCBs 0.8 - 10 1.8 U 
DAS-CA03-P1 Total PCBs 0.8 - 10 3.0 U 
DAS-CA03-P3 Total PCBs 0.8 - 10 1.8 U 
DAS-CA04-P1 Total PCBs 0.8 - 10 2.5 U 
DAS-CA08-P1 Total PCBs 0.8 - 10 1.2 U 
DAS-CA10-P2 Total PCBs 0.8 - 10 1.3 U 
DAS-CA16-P2 Total PCBs 0.8 - 10 1.2 U 
DAS-CA03-C1 Total PCBs 0.8 - 10 19 U 
DAS-CA03-C2 Total PCBs 0.8 - 10 31 U 
DAS-CA10-C2 Total PCBs 0.8 - 10 1.7 U 
DAS-CA12-C1 Total PCBs 0.8 - 10 1.2 U 
DAS-CA12-C2 Total PCBs 0.8 - 10 6.1 U 
DAS-CA02-P1 arsenic 5 9 U 
DAS-CA04-P1 arsenic 5 9 U 
DAS-CA05-P2 arsenic 5 50 U 
DAS-CA06-P1 arsenic 5 5 U 
DAS-CA08-P1 arsenic 5 10 U 
DAS-CA09-P1 arsenic 5 9 U 
DAS-CA10-P1 arsenic 5 10 U 

DAS-CA10-P1D arsenic 5 10 U 
DAS-CA11-P1 arsenic 5 20 U 



 
Sample Chemical Target RL  Sample RL  

DAS-CA14-P1 arsenic 5 20 U 
DAS-CA04-P1 silver 0.3 0.5 U 
DAS-CA05-P2 silver 0.3 3 U 
DAS-CA08-P1 silver 0.3 0.6 U 
DAS-CA10-P1 silver 0.3 0.6 U 

DAS-CA10-P1D silver 0.3 0.6 U 
DAS-CA11-P1 silver 0.3 1 U 

RL = reporting limit; PCBs = polychlorinated biphenyls; U = non-detect 
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